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Introduc<on	
•  Spa<al	audio	using	various	forms	of	surround	
sound	is	well	established	in	cinema	and	home	
theatres	
•  The	expansion	of	this	into	live	musical	
performance	is	more	limited	
•  This	work	explores	the	beneﬁts	of	surround	
sound	for	contemporary	music	performance		
•  A	20-channel	Waveﬁeld	synthesis	system	was	
compared	to	a	high	quality	stereo	sound	
reinforcement	system	under	iden<cal	
experimental	condi<ons.	
•  Original	composi<on	was	used	to	avoid	
familiarity	with	program	material	and	to	
encourage	focus	on	spa<al	considera<ons		
•  Data	drawn	from	audiences	was	used	to	
quan<fy	the	perceptual	diﬀerences	for	the	
average	audience	
•  and	to	aKempt	to	draw	conclusions	as	to	the	
usefulness	of	using	a	system	of	this	type	in	an	
‘average’	contemporary	live	music	
performance		
•  There	are	a	variety	of	systems	that	are	being	
increasingly	used	to	present	mul<-channel	
(surround)	sound	in	the	live	performance	
context.	
•  For	example;	
– Ambisonic	
– Precedence	eﬀect	
– 5.1	and	its	varia<ons	
– Waveﬁeld	synthesis		
•  A	variety	of	systems	are	being	increasingly	
used	to	present	mul<-channel	sound	in	the	
live	performance	context	
•  We	have	been	closely	involved	in	working	
with	some	of	these	diﬀerent	systems	in	order	
to	inves<gate:	
–  the	eﬀec<veness	
–  the	complexity	of	use	
–  the	appeal	to	contemporary	‘popular	music’	
performers	&	audience	
•  During	previous	experiments	the	it	has	been	
noted	that,	although	feedback	is	always	
sought	from	the	audience;	
•  It	would	be	interes<ng	to	compare	audience	
experience	with	the	‘standard’	2-channel	
(stereo)	public	address	(PA)	systems	that	are	
used	for	the	vast	majority	of	live	performance	
of	music		
The	Set	up	
•  The	sound	posi<oning	and	movement	was	
facilitated	using	the	Wave1	WFS	processor	
•  Using	this	system	it	is	possible	to	take	
individual	input	signals	or	groups,	
•  and	posi<on	or	move	them	rela<ve	to	a	set	of	
loudspeakers	arranged	to	suite	the	venue.		

Speaker	
Posi<oning	
in	Auditorium	
Speaker	posi<oning	
in	soZware	
‘3-D’	representa<on	
of	speaker	layout	
•  The	performance	comprised	six	individual	
pieces	that	segued	into	each	other.	
•  It	used	a	combina<on	of	pre-recorded	tracks	
played	back	using	Logic	Audio	
•  and	live	performance	using	a	variety	of	
synthesisers.		
•  All	these	sounds	were	fed	into	the	Wave	1	
processor	and	their	posi<ons	and	movements	
were	manipulated	to	produce	a	surround	
soundscape.	
•  This	was	done	with:	
•  pre-programmed	‘trajectories’		
•  Recorded	movements	triggered	from	Logic	
Audio	
•  Live	posi<oning	
Screen	recording	example	of	audio	posi<oning	and	movement	
•  In	order	to	be	able	to	seamlessly	switch	
between	surround	and	standard	stereo	
playback,	
•  a	stereo	group	(group	1)	was	set	up	and	the	
en<re	mix	was	routed	to	this	group	at	various	
points	during	the	performance.		
•  The	panning	of	both	playback	and	live	
instruments	was	presented	in	two	ways:	
•  ‘Standard’	stereo	
•  Using	WFS	spa<alisa<on.	
•  These	two	presenta<ons	were	swapped	
throughout	the	performance	without	any	
indica<on	and	the	audience	were	asked	to	
respond	to	a	series	of	ques<ons	<med	to	
coincide	with	each	sec<on.	
Audience	Feedback	
•  In	order	to	collect	data	from	this	performance	
a	wireless	vo<ng	system	was	used.	
•  The	show	was	enhanced	using	video	clips	
based	on	the	theme	of	‘Antarc<ca’	projected	
onto	a	large	screen.		
•  Ques<ons	were	superimposed	onto	the	
screen	and	could	be	seen	clearly	by	the	
audience.		
•  The	ques<ons	were	designed	to	encourage	
the	audience	to	iden<fy	and	ar<culate	the	
diﬀerences	that	they	perceive	between	the	
stereo	and	the	mul<-channel	presenta<on	of	
the	sounds.	
•  A	careful	balance	needed	to	be	struck;	
•  deﬁning	suitable	and	detailed	ques<ons…	
•  Vs:	having	ques<ons	that	are	easily	digested	
and	responded	to	whilst	listening	to	music		
Ques<ons	
(with	responses)	
•  Can	you	dis+nguish	clearly	between	diﬀerent	
instruments?	(Not	at	all,	A	li3le,	Quite	well,	
Very	well,	Perfectly)	
•  Do	sounds	seem	to	be	emana+ng	directly	
from	the	speakers?	(Yes	clearly,	Not	sure,	
Deﬁnitely	not)	
•  Can	you	detect	sounds	moving	in	space?	(Not	
at	all,	I	can	detect	a	li3le	movement,	I	can	
detect	some	movement,	I	can	detect	a	lot	of	
movement)		
•  Are	you	able	to	locate	posi+oning	of	
individual	sounds	conﬁdently?	(Not	at	all,	I	
think	I	can	detect	some	posiConing,	I	can	
detect	posiConing	quite	clearly,	I	can	detect	
posiConing	very	clearly)	
•  Do	you	feel	in	a	shared	space	with	the	
performers?	(No,	Yes)	
•  Would	you	describe	the	sound	as	Immersive	
or	Direc+onal?	(Immersive,	DirecConal)	
•  In	terms	of	level	and	balance,	how	does	the	
sound	compare	to	listening	at	home?	(Not	as	
good,	About	the	same,	Be3er)	
Analysis	
•  Responses	were	grouped	together	by	ques<on	
and	annotated	according	to	their	
synchronisa<on	with	the	two	types	of	
panning;	
– normal	stereo	or	
– Waveﬁeld	surround	sound.		
Can	you	dis<nguish	clearly	between	diﬀerent	instruments?	
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Do	sounds	seem	to	be	emana<ng	directly	from	
the	speakers?	
	
‘Yes	Clearly’	
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‘Deﬁnitely	not’	
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Can	you	detect	sounds	moving	in	space?	
	
‘I	can	detect	a	lot	of	movement’	
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‘I	can	detect	a	lot	of	movement’	OR	‘I	can	
detect	some	movement’	
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Are	you	able	to	locate	posi<oning	of	individual	
sounds	conﬁdently?	
	
‘I	can	detect	posiConing	quite	clearly’	
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‘I	can	detect	posiConing	very	clearly’	
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Do	you	feel	in	a	shared	space	with	the	
performers?	
	
‘Yes’	
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Would	you	describe	the	sound	as	Immersive	or	
Direc<onal?	
	
‘Immersive’	
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In	terms	of	level	and	balance,	how	does	the	
sound	compare	to	listening	at	home?	
	
‘Be3er’	
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Conclusion	
•  It	was	expected	that	the	analysis	would	show	
a	diﬀerent	percep<on	by	the	audience	of	the	
stereo	and	mul<channel	formats	
•  And	also	to	move	towards	some	sort	of	value	
judgement	in	terms	of	enjoyment	and	
apprecia<on	that	has	been	alluded	to	by	
audiences	in	previous	surround-sound	
performances.		
•  To	a	certain	degree	this	has	been	shown	to	be	
the	case;	
•  In	terms	of	the	sounds	being	independent	of	
the	speakers	and	of	detec<ng	movement	
there	are	notable	diﬀerences	
•  As	would	be	expected,	the	WFS	presenta<on	
scores	over	stereo.		
•  However,	in	terms	of	the	immersive	eﬀect,	we	
don’t	see	the	diﬀerence	that	would	be	
expected.	
•  It	is	diﬃcult	to	be	conﬁdent	whether	this	is	
due	to	a	full	understanding	by	the	audience	of	
this	term	or	other	factors.		
•  When	listening	to	the	playback,	to	the	author	
at	least,	the	diﬀerence	was	par<cularly	
no<ceable.	
•  This	therefore	probably	requires	further	
thought	in	terms	of	ﬁne-tuning	the	ques<ons	
•  Possibly	the	inclusion	of	some	pre-amble	–	
– whilst	taking	care	not	to	inﬂuence	the	audiences’	
responses.		
•  In	one	sense	this	experiment	has	been	a	
proof-of-concept	of	the	method	and	lays	the	
founda<on	for	further	studies.	
•  The	responses	and	analysis	do	validate	the	
experiment,	however	further	is	planned	
developing	ques<ons	based	on	the	
experiences	here.	
Thank	you	for	listening	
